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I 

SIMARV: 

puepoam  of  this  study  was  to  svaluate  ths  role  of  knit 
structure  in  underwear  on  thermoregulatory  responses.  Underwear 
manufactured  from  ;  100%  polypropy^jane  fibers  in  five  different  knit 
structures  (l-fcy-l  Irlb,  fleece,  flitimet.  Interlock,  dcublft-layer  rib) 
were  evaluated.  All  five  underwear  prototypes  were  tested  as  part  of  a 
prototype  dottUng  isystsm.  Maasured  on  e  thermal  manikin  these  clothing 
systems  had  total  Ithermal  resiatanoae,  Itot'  0.243.  0.268.  0.256, 
0.248  and  0.25D  m2 respectively  (includes  Ia«0.l04  ir?*K*W"l). 
Hunan  testing  lifas  d|ona  on  el^t  male  subjects  and  took  place  at  Ta«5*C. 
Td^-3.5*C  and  V||«o.32  m*s'^.  The  test  comprised  a  repeated  bout  of  40 
min  cycle  eocekciesj  (315  w*m'2;  S2±4.9%  Oo^nax)  foUowad  by  20  min  of 
rest  (62  W*m~2i).  heart  rata,  esophageal  tenperature.  local  skin 

tenperatures.  Imbiejit  air  tenparature.  dew  point  tonperature  at  three 
skin  sites  and  In  the  ambient  air  were  monitored.  Onset  of  sweating  was 
avaluatad  from  the  dew  point  sensor  recordings.  Non-evaporeted  sweat 
acamulated  in  ths  |:d.othlng  was  detezmlnsd.  Changes  in  ths  subject's 
evaporation  rate  djhlng  the  test  and  total  eviporatlve  weight  loss  were 
obtained  with  8  Potlber  platform  balance.  Skin  wettednass  was  calculated 
from  the  maas^ired  Mw  points  and  tenperatures.  The  diffetanoes  in  knit 
structure  of  the  I  underwear  In  the  clothing  systems  resulted  in 
significant  d^ffer^ces  In  mean  idcln  taiperature.  local  and  average 
skin  wettednesl.  noh-evaporatad  and  evaporated  sweat  during  the  course 
of  the  Intermittent  exercise  test.  No  differences  were  observed  in  the 
course  of  the  ^lore  canperature. 


Keyword: 


itory  responsae.  cold,  intermittent  exercise. 
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smaxcnaf 

llManDregMlatoily  reepopgea  of  tho  rude  man  resting  and  eawrclalng 
in  various  t]|aan8L|.  envlrornsnta  are  eoU  deocrlbed  (Saltln  and 
Harmansan  1966}  Stilwljk  et  al.  1967;  Nielsen  1969).  ihls  Is  not  the 
case  for  the  dtassa^  man.  The  clothing  Intervsnss  as  a  dynamic  thexmal 
enclosure  arouild  tljie  human  body  creating  a  thermal  mlcxoanvlronmant. 
Clothing  buffe|s  the  heat  SNchanga  of  man  with  the  surrounding  climate; 
however^  it  alrc  limit  the  possibilities  for  heat  dissipation.  The 
addition  of  cldthlne  produces  different  thermoregulatory  responses  at 
the  skin  of  the  dressed  man  compared  to  the  rude  man.  Mean  skin 
temperature,  skin  temperature  distribution,  evaporation  of  swaat  and 
skin  wettedne$s  aee  some  of  the  responses  that  may  change  with 
different  clothing  paramaters.  The  heat  asdunge  between  the  akin 
surface  under  the!  clothing  and  the  amblmit  environment  throu^  the 
clothing  worn  ^  noting  man  cannot  be  esplalnad  only  in  terms  of 
standard  text4Ie  iharacberlstlcs.  in  addition  to  the  heat  aoechange 
across  the  texIM^e  ieyera.  passive  and  forced  convective  air  movonants 
In  the  clothfog  ind  through  the  openings  of  the  garment  remove  a 
varying  amount  of  energy  depending  on  garment  deslgr}.  and  also  on 
body  movamentai  all’  velocity,  wetting,  ocnpression  and  other  factors 
(Hall  and  Poltke.  li  se;  Nlelsan  at  al..  1985).  Also,  changas  in  ambient 
air  humidity  dr  sm  etlng  will  change  the  humidity  within  the  clothing 
ft^iich  may  prod«|oe  m  ttlng  of  tha  clothing.  As  a  result,  tzansiant  heat 
exchange  start#  to  develop  within  the  clothing.  This  aStmcts  the  heat 
exdianga  betv^an  the  akin  surface  and  the  mlcroanvlrocmant.  and 
provides  a  f#edbaak  to  tha  thermoregulatory  responses  at  the  aikln 


igdlatoiy  reej 
thesma:.  env: 
;6}  Stjlwljk 
dteesa^  man. 
uild  tlU  hum 
re|s  the  heat 
m^y  alifo  Urn 
;ldthine  prod 


exdianga  betaken 
provides  a  f#edl; 
aurfaoe. 


Oonmn  cldthind 
of  two  or  moci^  dot 
an  outer  clothjjng  la 
oontact  with  ijhaaJ 
under  the  clothing  i 
special  functfon  i 
Interfaoa  and  nlay  J 
anvironnant  ov^  tbJ 
In  the  ll#eratu 
to  a  clothing  eysti 
protection  for  the 


vieambilea  used  In  odd  envlrennants  are  ocnprleed 
ling  layers:  underwear,  poasibly  middle  layers,  and 
iwr.  The  majority  ^  the  skin  surface  is  not  in 
Olent  anvlronmant,  but  with  tha  micro  environment 
Id  the  underwear  itself.  Ttvs.  underwear  has  a 
1  zelatian  to  the  sensation  of  the  fabrlc-to-Skln 
Lso  be  of  Importance  for  the  resulting  micro- 
skin. 

re  (ibnseca  1970)  the  addition  of  thermal  underwear 
m  Is  supposed  to  add  little  extra  warmth  and 
nearer,  and  In  terms  of  differenow  In  Intrinsic 
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thermal  raslatqnoe  Of  the  undenxear  measured  on  a  thermal  manikin  these 
dlfferanoes  am  insignificant  as  long  as  the  fit  and  daeign  remain  the 
sane  (Qlasan  and  Nielsen  1963).  HoMaver/  It  was  ahmn  on  humans  that 
the  textile  metterlOl  in  the  underwear  of  a  clothing  system  slig^y 
influences  the  tharrloregulatory  responses  during  intermittent  exercise 
in  a  cold  anvioonmarit  (Holmdr  1985). 

The  purpose  of  the  present  study  was  to  investigate  If  underwear 

in  different  knit 
caused  different 

thermoregulatoiiy  responses  in  persons  performing  Intermittent  exercise 
in  an  envirocnOnt  resulting  in  both  periods  of  sweating  and  chilling. 


manufactured  fsom  the  same  fiber  -^pe  material,  but 
structures,  as  a  part  of  a  clothing  enseiible. 


MATSPIAL  AND  t^nCO^ 
Oarmant  descr^ioc^. 

L^aredt 


underwear  manufactured  from  100%  polypropylene 
fibers  in  5  di^erei^t  ]cnlt  structures  (l-by>l  rib  (Kl),  flssoe  (K2), 
fishnet  (K3),  Intei^lock  (K4),  dcubLe-lsyer  rib  (K5))  were  evaluated. 
Measurenents  of  selected  phyelcal  characteristics  of  the  experimsntal 
textiles  were  performed  on  single  and  nultl>layer  samples  of  cloth  in 

accordanos  with  stai^ard  procedures:  fabric  thickness  in  mm  (ASIM: 

I 


m774-64),  thsj|mal  ireslstancs  in  n^’K’Vrl  (ASTM:  01518-77)  and  water 


vapor  resi8tanie^(l>w:  54101) 
wSB  dooe/ 


The  results  am  shown  in  Table  1.  Befom 


any  testing  wss  doi^,  all  sanples  were  laundered  and  alr-drled  five 
times  without  fhe  v^e  of  ai^  detergent.  This  was  done  to  remove  excess 


lA  r 


finishing  chem4cals 
tested  as  part  of  a 


in  the  textiles.  All  five  underwear  prototypes  wem 
i^ical,  standardized  clothing  system  on  hinan 
subjects.  The  glothng  system  was  ocnprlsed  of  a  two>piaoa  long-sleeved 
/long-legged  undarwier  ensemble,  a  Battle  Dress  Uniform  (BDU)  shirt  and 
trousers  (50%  oott(n/50%  nylon),  woolwi  socks,  gym  shoes,  and  woolen 
gloves.  Bach  subject;  had  his  own  separate  clothing  syston.  Before  any 
testing  was  dgna  or  tunans,  all  underwear  and  the  rest  of  the  clothing 
system  wem  laMnden  d  as  described  above.  For  each  subject,  the  order 
in  which  the  exp(  riirental  underwear  was  tssted,  was  randomized, 
insulation  values  oi '  all  five  clothing  systems  end  ell  five  underwear 
ensembles  wemmeasired  on  a  thecmal  manikin  (Madsen  1971)  (Tabla  i). 
Sublacta.  Blgbt  males  volunteered  for  the  present  aerias  of 

exparimanta.  Before  |any  testing,  the  subjects  were  Infotmad  about  the 
purpoee  of  the  study,  ai;^  known  risks  and  their  right  to  terminate 
participation  ijlthout  ponalty.  THsy  mcpcmaa&d  understanding  by  algning 
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a  statamant  of  Infoabnad  consent.  Nana  of  the  etdaijects  did  mors  than  tm 
test  sessions  i^r  nny  had  an  avarags  (±8.d.)  age  of  23±4.9 
yaacs.  weight  of  74^11.6  kg.  height  of  177±4.7  on.  DuBols  surface  area 
(Afia)  of  1.9110*146  maximal  oiQ^gan  eonsunptlon  of  3.3410.644  liters 
02‘mln'^.  and  ^uo«itaga  bo^  fat  of  161S.2  %. 

DetaminalM-on  of  bod/  density  was  obtained  fron  l^rostatlc 
wel^ilng  (Qolchen  aid  Busklrk  1961),  and  percent  body  fat  was  estimated 
fron  dansl^  (Slr^  1956).  was  determined  by  use  of  the  OuBols 
equation  (hiBols  anci  OuBois  1916).  Maximal  aerobic  power  (Oo^nax)  was 
deteiminad  for  eadi  subject  during  separate  tests  using  a  oortlnuous 
progressive  wo^k-loid  protocol  on  a  cycle  ergcmeter  (Rowell  1974) . 
Experimental  Tjcoto  ol.  Oonditlons  were  designed  so  as  to  mimic 
real-life  sltu^tiona  ^In  tAilch  sweating  and  after-exercise  chill  would 
develop,  and  ifbBrejthis  t^pe  of  clothing  would  normally  be  worn. 
Testing  occurred  ln|a  climatic  dbairbar  at  an  air  taRperature  (T^-Tg)  of 
5.010.S2*C.  a  4ew  pjlnt  terperature  of  -3. 510. 31  *C  (-54  %  relative 
hunidity).  and  an  ur  valocily  of  0.32  m*8''^*  The  air  flow  was  created 
bif  large  fans  dnd  d:.rectad  towards  tha  ftont  of  the  subject. 

To  standardise  the  .  xiitial  heat  content  of  the  five  clothing  systens 
and  thus  eliminate  this  as  a  factor  of  variation  for  the  heat  axchanga 
body-dothlngHnvin  aient  during  the  eiperiment.  a  rigid  procedure  was 
followed.  The  clothing  was  stored  In  the  antechamber  at  an  air 
tenperature  of  29*C  and  20%  relative  lunldlty  (6.0  kPa)  at  leaet  two 
hcurs  before  the  eiqperimental  procedure  begm.  The  elaborate, 
standardized  dfassliU  procedure  of  the  subject  also  took  place  In  this 
antechamber.  object  reported  to  the  laboratory  at  tha  same  time 
of  the  day  for  all  imperlnents  to  avoid  any  circadian  variation  in  body 
tarperatura.  After  arrival  he  was  weighed  in  the  nude  and  then 
Instnmented  w4th  dest  elecbzodas  for  heart  rata  (HR),  tharmoonples 
for  oBophagaal  and  win  tenperatures.  Eadi  place  of  clothing.  Ixicludlng 
the  shoes,  wes  'Wetmed  and  then  put  on  the  subject.  Whan  he  was 
oonpletaly  lns1)cunaated,  a  dceaaad  weight  wee  recorded.  Upon  entering 
tha  test  anviik»nant  the  subject  was  Instsunentsd  with  daw  point 
sensors  on  th6  skin  mdeniMtth  the  garment  before  he  mounted  a  ^cle 
ergonomster  j^^oed  on  a  Potter  balance.  Zero  was  adjusted  on  tha 
balance  and  a  calibration  was  dons  at  this  tiro.  Approximately  ten 
mlnutae  after  entering  the  teat  diamber  tha  subject  began  the  2-hour 
test.  The  te^  oqnprised*  a  twice  repeated  bout  of  40  mlnutae  cycle 
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•xttrclae  (60  r4>.m.;|  l.e±0.37  kp)  followed  by  20  minutes  of  rest  on  the 
ergcncroter  &K2  and  RB2).  Bach  subject  always  exercised  at 
the  same  axajtcise  listenslty,  that  hed  been  chosen  so  It  would 
approximate  ss%  of  his  ^0^max«  Esophageal,  skin  and  air  tanperatures, 
as  well  as  dew  point  tnnperatures  at  the  skin  and  in  the  ambient  air 
were  monitored  on  i  HP200  ooRputer  every  minute  during  the  test  and 
stored  for  ana]{yslf,  Changes  in  body  wel^  were  sanpled  every  20 
seconds  on  a  H^ds  caiputar  and  IS  was  recorded  svery  10  mlnutee.  ^ 
and  ^9002  nteasui  ed  during  the  last  5  minutes  of  the  first  exercise 
and  rest  periqd,  rfspectively.  IWo  minutes  after  cassation  of  the  test 
the  subject  leitb  thi  test  chamber  and  undressad  imnadlately  in  the 
antechamber.  NL|3e  bcdy  weight  and  individual  clothing  ocmpcnant  weights 
were  recorded  i^ter  the  subject  had  tndressed. 

W^vsioloqlcal  vjarlatlee.  Electrocardiograms  were  detained  with  dhest 
electrodes  an4  s  electrocardiograph  (HP1500B).  CBQ^gen  uptake  (VO2# 
liters  02*min'*^,  EITO),  carbon  O^acide  excretion  and  pulmonary 
ventilation  wei^  mei»jred  by  open  circuit  spirometry  using  on  autematad 
systen  (Sansodnediep  Horizon  MC).  internal  tamperature  (1^0)  was 
measured  by  a  therhcoouple-tipped  catheter  Inserted  through  the  nose 
into  the  esophagus  4o  the  same  level  as  the  heart.  Skin  tanperatures 
were  ncnltored  with  a  nine-point  thecmoccqple  skin  harness  (calf, 
thigh,  chest,  lower  back,  ipper  back,  upper  arm,  foreerm,  hand,  and 
forehead) .  The  theilmooouplee  were  oonstructed  in  such  a  way  that  thay 
could  maks  skid  oonlact  without  being  covered  by  tape. 

Dew  point  tmcig^wtou  «a  at  back,  chest  and  thigh  wars  obtained  by  use  of 
automatic  dew  point  amaors  (Gralchsn  et  el.  1982)  dlcsctly  attached  on 
the  skin  undenjeath  the  garment.  Onset  of  sweating  was  evaluated  from 
the  daw  point  tensor  ceoordlngs.  Sweat  aocunulation  in  the  clothing  was 
determined  by  tepeeiled  weighing  of  each  IndivlAial  clothing  oonponant. 
Including  the  ^loes,  on  a  Seuter  balanoa  (model  IU2}.  Changes  in  the 
dressed  8ubjac1)s  aviporatlon  rata  during  the  test  wars  obtained  with  a 
Potter  platfona  balinoe  (model  23B} .  Total  ev^retlve  weight  loss  from 
the  sufajset  wet  deti  xmlnsd  fixm  tha  Potter  balance  recordings,  and  in 
addition  by  wtighiig  tbe  dressed  subject  on  a  Sauter  balance  (nodal 
XRI20)  before  i|nd  stter  the  eiqperinant. 

GuoAKnicm 

Metabolic  enerfjy  pet  duction  (M)  .was  caladated  from  the  meaaMranente  of 
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oxygen  censun^lon  |[^)  as  (Gaggs  &  Ni^  1977) 

M  •  to. 23^.77)  •’0D2‘lf6O*Ai3u-l  (W-tn'^) 

In  which  l8^  ths  respiratory  exchange  ratio,  is  the  os^gen 
oonsurptlcn  In  llte^  p2*mln“^,  and  k  is  the  energy  equivalent  of 
oxygen  (5.873  t’h*lj.ters  02*mln"^). 

Mean  skin  tar^rature  (f^)  was  calculated  as  an  atea-^weighted  average 
of  measurement#  frcm  the  nine  different  skin  sites  using  the  formula 
(modified  fromiGagg^  and  Nishi  1977): 

^sk  ■  ®’®®^Wid|0*07(Tfopgajgn4Tuppatarm+'^i»ad)'^*20Tc^f4O.19T^jj^ 
+0 .  It5  (Tg^iast'*’  ^^inperback+'^lowbadc )  )  t 

Body  tenpera-hite,  was  calculated  as  (Hardy  and  DuBois  1936) 

Tbody  -  0.8T^  4  rOTgjc  (*C) 

Svaporative  h#at  joss  frcm  the  dressed  subject  (Sw^)  during  the 
experimental  period  ^  was  determined  fton  the  continuous  monitoring  of 
weight  loss  on  the|  Potter  balance  corrected  for  weight  of  respiratory 
water  loss  (Ej^‘(oi68*60*Aixi)“l  g*mln“l)  (Panger,  1970)  and  metabolic 
walght  loas  (44‘RQ-32)/22.4  g*mln^l).  This  weight  loss  rate 

converts  to  the  Evaporative  heat  loes  rate  (Ejj^)  in  w*m"2  by 
nultlplying  by  the  jactor  0.6e*60*Ai3y,  where  0.68  is  the  latent  heat  of 
water  (Wh*g“lj.  Dripping  rarely  took  place,  because  excessive  sweat 
was  absorbed  In  t}4  clothing.  Total  non-^evaporatad  sweat  loss  (Sw^^^) 
was  measured  a#  tha|diffaranoe  between  clothing  weight  before  and  after 
the  experimant  oor;^ected  for  wel<;^t  of  water  absorbed  in  the  clothing 
from  the  envirEnmant.  Hanging  the  precondlticnad  clothing  system  In  tha 
eo^arimental  siWiroiment  for  130  minutas  resulted  in  a  weight  gain  of 
18g.  Total  sweat  lota  over  the  test  period  (Sw^ot)  calculated  as 
the  sum  of  Sw^  isnd  aw^. 

vqpor  prassuras  at  the  skin  surface  and  In  the  ambient  air  were 
detennlned  frot  ^ilocal  daw  point  tmrperatuie  recordings  t»lng  the 
Antoine  ec^iatign.  Assimlng  that  the  measured  vapor  pressure  at  the  akin 
Airfaoe  (Pgj^)  dbtaiiied  from  the  dew  point  sensor  truly  reflected 
local  skin  wattadniss  (w)  on  back,  chest  and  thig^  was  calculated  as 
w-(P8k“Pa)^<Psak"Pal'  where  Is  the  saturated  vapor  pressure  at  the 
local  skin  t#nparEture  and  Pg  ie  ambient  water  vapor  pressure.  An 
average  akin  wfttadnesa  for  thl^  and  torso  area  was  estimated  using 
the  actual  loc#l  akjn  Kurface  area’s  fraction  of  the  total  body  surface 

0.17»*chBat  ♦  0.179w)yy^}y  ♦  0.190Wigg)/0.54 


area: 


w  > 
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Statistical  anqlvali;  Rapaatad-fliaasuraa  analysis  of  vorlanoa  (ANCMA) 
was  xisad  to  dataanlna  i^wthar  the  factor  'knit  structuura*  had  any 

significant  effect  ^  tharmoragolatory  responses  daring  the  oourse  of 
the  test  or  on  aweat  aconulatlon  in  the  clothing.  An  MJ/K  was 

calculated  on  fha  data  of  esophageal  teaijerature,  local  and  naan  skin 
tan^peraturea,  local  and  average  wettadnasa  and  skin  evaporation  for 
every  10  minute  (av^agad  over  6,  9  and  10  minute,  and  so  on) .  In  the 
event  that  aHCMA  jrevealad  significant  main  effect.  TVikey's  critical 
difference  was  calculated  and  used  to  locate  significant  dlffarenoe 
between  means.  A  jpaired  t-tast  was  used  to  test  if  there  was  any 
difference  In  ijhanTOregalatory  responses  bstwaan  tha  first  and  second 
test  period.  Z^ta  ^  presented  as  maants.d.  All  dlffarancae  reported 
are  significant  at  1m  p<0.0S  level. 


BESULXS 

Physiological  jobeeivatlons.  The  factor  subject  had  a  significant 
influenoe  on  a]|l  pt^siologlcal  varlablas. 

Work  Intensity  <W)  averaged  56±9.01  W*m“^  during  the  40  mlxwtes  bicycle 
periods,  and  0  If  during  tha  20  minutes  rest  periods 
The  metabolic  yerov  production  (M)  maasurad  during  exercise  averaged 
315145.5  W'lir^  and  jdurlng  rest  62±11.9  W’m"^.  M  was  not  influsnosd  by 
the  clothing  system iwom.  The  exercise  Intensity  corresponds  to  52±4.9% 
of  ths  auhjectfli'  ^max. 

Pore  temperatuHB  as  represented  by  (Figure  l)  was  not  influenced  by 
the  knit  structure  (f  ths  underwear  worn,  except  at  SOmln  where  T^gCKS) 
was  higher  than  T^(Kl) .  in  ths  first  minute  of  EXl  averaged  36.71 
0.24*C  for  all  40  ^ts.  After  10  to  20  minutes  of  exercise  a  steady- 
state  value  of  3j.5l0.20*C  wee  reached.  IXirlng  BEl  decreased 
quickly  to  reaqh  an  average  value  of  36.9±0.17*C  just  before  ths  start 


of  E9C2.  The  oturss  of  during  ZX2  end  RE2  was  similar  to  its  course 
during  oa  and  KEI.  and  similar  tsiparature  values  ware  msasurad  at  the 
end  of  ths  twoiperi^. 

Mean  Skin  tami|sraturaB.  Average  values  for  mean  skin  tetrperature  and 
local  skin  temi^abpes  for  each  clothing  systan  are  plottad  In  Figure 
1.  Except  for  tjhe  first  mlnutss  of  ths  test,  ths  knit  structure  of 
ths  underwear  dlwsys  slgilflcantly  Influsnoed  At  ths  beginning  of 
BXl  avsra^  31.3±0.75*C  (n-40).  During  ths  first  10  to  20  minutes 
all  mean  akin  tsrparatures  deeraased.  althou^  this  took  plaos  at 


I 
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dlfferwit  rata4  dciiendent  on  tha  knit  strvcture  of  tte  undarwaar  worn. 
After  10  mlnuitilB  of  Esa/  f^(K3)  was  significantly  lower  than 
and  this  dlffSreno^  persisted  throughout  the  rest  of  the  2-haur  test. 
While  fg]c(K3)  EXl  contlnjed  to  decrease  to  roach  a  steady  state 

value  of  30.1dD.76^C,  began  to  increase  after  17  minutes  of 

exercise,  and  seachid  a  steady  state  level  of  3l.5t0.80*C  after  23 
minutes  of  eoc^rclsl.  Ihe  ooursa  of  fg)((Xl),  9^(K4)  and  T^(X5)  were 
alike  and  they  all  i[eachad  values  in  between  and  Tq]((K3)  (see 

Fl^jite  1).  At  30mlr^  both  T^(K2)  and  f^icCKS)  had  beocme  significantly 
different  frcm  thes|  three,  imnadlately  after  the  cessation  of  ESQ 
increased  0.1  to  ol2*C  with  all  clothing  systams,  but  after  5  minutes 
of  rest  bs^  t^  decreass  again.  Throughout  RBI  T|^(X2)  was  higher 
than  the  with  the  other  four  knit  constructions,  sxcapt  in  the 

final  minutes  REl  where  ^■]c(K2)  (30.1:U.09*C)  was  only  significantly 

hig^r  than  f^(K3|  (29.4±0.68*C).  Due  to  the  decrease  of  T|^  during 
REl,  all  fg]('a  were  loMsr  at  the  begirailng  of  E9(2  when  oottpared  to  the 
start  of  EXl.  In  all  clothing  systeia  the  decrease  of  ccntlnued 
over  the  first  mlnu^s  of  EX2,  but  after  a  varying  l«igth  of  time, 
began  to  increase  i^ith  all  clothing  systems:  with  K2  after  10  minutes 
of  SKercise,  with  xi,  K4  and  X5  after  apprcKlmstely  15  minutes  of 
exercise  and  with  lt3  after  20  minutes  of  exercise.  After  10  minutes  of 
EX2  (70mln)  9^(K2)|waa  still  hls^  than  At  80mln  and  during 

the  test  of  E9t2,  T8k(K2)  was  higher  then  ?ak(^)'  ^sk(K4)  ^  ^sk(^) 
which  all  t«re  highK  than  T0)((K3).  A  conparison  of  during  S(l/REl 
and  Airing  IX^/RE2  showed  that  at  the  and  of  EX2  was  at  average 
(n-40)  0.4*C  Idwer  than  at  tbs  and  of  EXl,  and  except  for  K5  this  was 
significant  fotf  esqh  clothing  system.  Ihs  course  of  all  flic's  during 
RB2  were  almilsr  tojdurlng  FBI,  except  that  all  tarperstures  ware  0.3 
to  0.4*C  lower  tSuriog  the  ssoond  period  . 

Local  skin  tayperaturset  Ttas  course  of  the  various  local  taiperatures 
during  the  test  vsr^  eooordlng  to  looBtlon  on  the  body  (Figure  l). 
They  all  dsrnrapisd  initially  during  EXl,  taut  sxcapt  for  the  terrperature 
at  the  Icwsr  b^ck  au  the  forearm  they  either  began  to  increase  after  a 
oartaln  time  or  xeachod  a  steady  steta  level.  After  osesatlon  of 
exercise  all  Ideal  ucln  tanperaturee  had  an  initial  increase  before 
they  all  decreased  throughout  the  rest  periods.  At  the  beginning  of 
1X2,  thigh  skiit  teiwratura  was  the  only  Skin  tenperature  that  was  not 
significantly  lowarj  than  that  at  tha  start  of  sa.  During  EX2  all  akin 
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taifjeratures,  aieo^pt  tha  foraarm.  Increased  nudi  more  than  during  S3(i, 
but  only  skin  fcaqparatures  on  thigh/  chest  and  forehead  reachad  the 
same  values  as  IM:  tb»  end  of  BXl. 

Knit  structure  of  tba  underwear  significantly  Influenoed  the  course  of 
the  akin  ternpezeturc  s  on  the  trunk  (chest,  vqpper  and  lower  beck)  and  on 
the  ^f.  DlffeixnoiB  Beamed  to  exist  also  In  thigh  akin  tenijerature; 
however,  theae  dllferenoes  were  never  algniflcant  at  the  0. OS-level 
(p<0.l).  Ox  the  calf  Tc^(X2)  ««s  always  higher  than  Tcaif(K5),  at 
most  timea  hljgher  than  T,;m‘|f(K3)  and  at  sane  tunes  higher  than 
Teaif{K4)»  ^  ttie  tzunk  Ts)((K3)  was  generally  lower  than  the  akin 
tanfieraturea  utfler  the  other  )cnit  structures,  cn  the  chest  significant 
differences  only  oaurred  In  the  last  part  of  the  two  axerclse  periods 
(29mln  a  34nlnt  TchMt(K2)>T<;hg^(K3))  (79mln,  89mln  6  SSmln: 

'^chB8t(K2)>  Tc^^k3);  Tc(^(X5)>T^^(K3)).  NO  differences  In 
Tchest  betwe«)  knit  structures  were  damonstratad  during  the  rest 
periods.  On  the|  lowir  bade  i:^(K3)  decreased  note  than  under  the 
other  knit  oohstruotlons  and  at  39inln  T^(K3)  was  lower  than  ‘l^(K2> 
(p<0.05).  Also,  Tib^K3)  tended  to  be  lower  than  Tib(K4)  and  T^bl^S), 
hit  this  was  chly  significant  occasionally.  The  skin  tsrnperature  on  the 
loner  back  dacitease^;  to  quite  low  valuee  even  during  work.  In  most 
subjects  valuih  bstween  25  and  27*C  were  recorded,  and  in  the  heaviest 
subject  with  21%  bay  fat  an  even  lower  skin  tenfserature  of  22*c  was 
msasuted. 

Mean  body  taxjprs^  re  was  significantly  influenced  fay  knit  structure 
from  29mln  end  'thraghout  the  test  (29-li9Riln:  X2>  K3;  $9-l09mln:  K2> 
XI;  89-99mln:  k2>  K4).  Body  tsn|»raturs  was  at  average  0.07-0. 20 *C 
lOD^  in  EX2/R$2  ooi pared  to  EXl/KEl  (np40;  p<0.05);  however,  this  was 
not  slg^lcant  for  K2  at  any  tlma,  and  for  Ki  and  X5  only  at  time  9  vs 


Mean  body  tmt 
from  29mln  and 


lOD^  in  EX2/R^  oa 
not  significant  for 
69mln. 

enset  of  swaotlna.  \ 


;2>  K4). 
oai  pared 
tor  K2  at 


at  average  9±346 


considered  to  ta)»  place  whan  the  daw  point 


sensors  at  the  skin  recorded  an  Increase  in  vapor  pressure  and  it  began 


(range  4-19  min)  after  the  start  of  the 


irclae.  An  JtOAjdid  not  confirm  any  dlfferenoa  In  the  tUne  to  onset 


of  sweating  bfbwa 
tendency  towards 
XI,  X3  and  X4.  ItM 
between  BQ  tnd 
bslanoe,  began  at 


the  five  clothing  tj^stems;  however,  there  was  a 
earlier  onset  of  sweating  In  X2  and  K5  compared  to 
was  no  dlffarencs  In  the  tiro  to  onset  of  awesting 
K2.  Bvaxaetion  of  sweet  registered  on  the  Potter 
■rage  12  min*  after  the  start  of  the  exercise  and 
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tins  3  mlmitesi  aftir  tha  ooMt  of  awoating  (Figun  2).  No  dlffaranoaa 
batwaan  ]cnlt  t^ipes  could  ba  damonartrated  and  no  dlffaranoaa  babwaan  Exi 
and  S9C2.  Byapcjratlc  ti  rata,  t«as  at  average  50,  40  ,  45  and  43  Wfn~2 
in  the  parloda  of  B)!,  RBI,  D(2  and  BB2  (that  la,  2.4,  2.0,  2.2  and  2.1 
g‘mln~^)  (n*40)  .  Nc  alyilflcant  dlffecenoea  oculd  ba  attrlbutad  to  tha 
knit  oonatcuctiona,  aa  tha  variation  in  Bg)^  eaa  rather  large.  However, 
In  EXl  ^(K3).  and  !^(K4)  tended  to  ba  loiger  then  with  tha  csthar 

knit  atructuresi  (jKC.l).  The  amount  of  aeeat  evaporated  from  tha  akin, 
was  significantly  influenced  by  knit  construction  and  the 
differancaes  bettNeen  tha  clothing  aystans  Incraasad  during  tha  course  of 
tljna  (Fig^ire  2).  At  the  end  of  ssa  (40inin)  8m;b(K3)  was  lowar  than 
Sw^tKS),  at  tha  of  IBl  (60inln)  and  OC2  (lOOmin)  SW0(K3}  was  lower  than 
Sw«(IUi)  ard  Sw^(X5},  and  QumW  was  lower  than  9w.(X5).  At 


and  SX2.  BvapcHratl 
in  tha  periods  of  B 
g‘min“l)  (n^40).  M 
knit  constructions, 


tijns  (Figore  2).  At  the  and  of  ssa  (40inin)  8w;b(K3)  was  lowar  than 
Sw^tKS),  at  tha  of  IBl  (60inln)  and  OC2  (lOOmin)  SW0(K3}  was  lower  than 
Sw«(IUi)  ard  Sw^(X5},  and  was  lower  than  9W0(X5).  At 

the  and  of  tha  teat  (120mln)  both  8w^(K3)  and  9ws(X4)  ware  lower  than 


8w«(I(2) 


^  8 


ensanddle  worn  durlAg  ' 
Influenoad  by  the  kAlt 
sweat  was  fcrund  In  ' 
K3  and  K4.  Of  this 
located  in  the  undi 


Swtot(K3)  and  9^ 
8wtot(K5)  (Fl9)oce  3 


nd  ai»«(K5)  (Figure  3).  Tha  total  annount  of  non- 
S»^,  sweat/lunidl^  absorbed  in  the  clothing 
ig  the  asqpariinontal  period,  was  also  significantly 
dt  structure  of  tha  underwear  (Figure  3).  More 
he  clothing  systcn  when  X2  was  worn  cotpared  to  XI, 
lon-aveporatad  sweat  only  6,  22,  8,  10  and  11%  were 
wear  of  the  five  clothing  systems  (XI  to  X5) .  Total 
could  only  be  determined  at  12Gmln,  whan 
^(K4}  were  lowar  ocrrpared  to  both  8w^(X2)  and 


Skin  wettadneq|B:  :ha  knit  structure  of  underwear  significantly 
Influenced  th^  dec  tee  of  skin  wettadness  during  the  course  of  the 
Intermittent  ^pterc^aa  (Figure  4).  After  onset  of  sweating,  skin 
wsttednsss  Ingreasid  abruptly  in  both  aKercisa  perlcxSs  to  reach  a 
steady  state  04  near  ateady  state  level.  Ibrnadlately  Mpcn  the  csnsatlon 
of  eNarclse,  parcani.  wettednees  on  the  thl^  increased,  a  tendency  that 
was  also '^«an  on  thi  i  chest,  lAereas  on  the  upper  bade  no  such  increase 
was  ofasarvad.  Aftei  3  to  4  minutes  of  RBI  wettadness  began  to  decrease 
and  this  dacijease  oentinuad  even  after  S(2  had  begun.  With  the 
different  knit  stneturee  average  akin  wattedness.  w,  reachsd  valuss 
fron  SO  to  68%  at  tie  and  of  the  axerclse  periods.  w(K2)  was  always 
higher  than  w(|K3} .  ran  30inln  to  the  and  of  RBI  w(K2)  was  higher  than 
w(Kl),  w(K3)  ehd  w(l5),  and  from  90miA  to  tha  and  of  the  test  w(K2)  was 
higher  than  1)he  4  veraga  Urin  wettadness  with  all  tha  other  knit 


was  also  '^«an  on 
was  ofasarved.  A: 


different  knit  e 
from  SO  to  68%  at 
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structuras.  'X1|u?augf»ut  the  test  w(K3)  tentea  to  be  lower  than 
VMittedness  un|er  the  other  knit  structures,  but  being  only 
significant  at  3Qmlh>  Oa  the  upper  back  skin  wettedness  was  generally 
higher  than  a^  the^  chest  and  the  thl^,  reaching  average  values  ficm 
59%  to  71%  at  ^  of  EXl  and  60%  to  77%  at  the  ecx!  of  SC2. 
influenoa  of  knit  structure  on  upper  bade  wettedness  was  significant  at 
eCknln  and  7Qml4i  (K2|k3),  and  at  llQmin  and  120mln  (K2>K3;  K2>K5).  At 
the  chest  the :  influenoe  of  knit  stnicture  on  skin  wettedness  was  more 
pronounced.  BK^ept  tor  the  first  minutes  of  the  two  exercise  periods 
(lOmin  and  70rjiln>  y(K2)  was  always  hi^r  than  w(K3),  w(K2)  was  mostly 
(20-4anin  &  90-fl20mln)  hlghar  than  w(Xl),  and  at  40mln  and  90-ll0mln 
higher  than  w(K4)  ^  w(K5).  At  the  thlch  w(K2)  was  higher  than  w(K3) 
and  w(K5)  at  3(^-5Ctn|n  and  at  lOO-llOmiA.  Onerally,  wettedness  was 
slightly  hlghe^  In  m  and  RE2  corpared  to  SCl  and  REl. 

i 

DISGUSSICK: 

Knit  6tru4>ture  of  the  underwear  In  a  prototype  two-le^r  clothing 
ensemble  had  n$  influence  on  core  totperature,  but  had  a  significant 
Influence  on  the  thermoregulatory  responses  at  the  skin  durljng 
intermittent  «|iercl^  In  a  cold  envlrormant.  Both  the  degree  and  the 
effectlvinass  of  Sweating  during  the  periods  of  work-produced  heat 
stress,  and  thf6  oooj.livg  of  the  skin  during  the  subsequent  rest  periods 
varied  dependlitg  c$  the  knit  structure  of  the  polypropylene  underwear 
worn.  Earlier  studies  on  the  physiological  significance  of  underwear 
dirlr^  Intermittent; exercise  In  the  odd  have  focused  on  the  iJiportanoe 
of  fiber  type  rHaterjnl  (Vokac  et  al.  1976;  1985) ,  Only  small 
differences  we^  ol^rved.  Ttus,  the  knit  structure  of  underwear  is  of 
far  more  iirportance'  regarding  thermoregulatory  responses  than  fiber 
type  material,  'when  working  In  the  cold. 

The  und6|wear  constructions  selsctad  for  this  study  varied  In 
thickness  (3  I4wela  and  In  potosl^  (3  levels),  and  these  dlfferances 
were  reflected  In  tlie  measured  thermal  characteristics  of  the  underwear 
textiles  (Tahie  ij.  When  doing  a  ocnparlson  of  the  thermal 
characterlstiai  ox  the  five  clothing  systans  under  stationary 
conditions  as  (lascribed  for  standard  msaBuranents  on  two-layer  textile 
samples  and  on  a  thermal  manUcln,  the  differences  In  thermal  resistance 
and  moisture  vi^por  transport  were  snail.  This  was  esqpected  for  the 
maasuremants  gn  tha  non-moving  manikin,  where  the  tlgh^-fittlng 
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undaiwMT  adda  little  axtra  inaulatlon  to  tha  clothing  anaemblfi.  The 
Insulation  of  tha|  clothing  ensantle  is  prijnarlly  datarminad  fay  the 
amount  of  endcfsad  lion-inovlng  air,  and  ttua  tsy  tha  daalgn  and  fit  of 
tha  outermost  gai^t  (MnOullouf^  et  al.,  1985).  Soma  of  tha 
diffaranoes  fa)nd  In  tha  standard  maasuremants  of  tha  taxtllaa  ware 
reflected  In  ttta  thermoregulatory  responsas.  lha  heavy  fleaoa  structure 
(K2)  was  tha  thickest  taxtlla,  had  tha  highest  thermal  and  water  vaipor 
resistance,  and  i4  also  resulted  in  the  wannest  thermoregulatory 
responses  with  hl^hm  skin  tannperatures,  highest  skin  wattsdnass,  most 
total  sweat  jQcodu^,  and  most  unsvaporated  sweat.  However,  the  Ki- 
systan  with  th^  th^  1-by-l  rib-knit  underwear,  had  the  lowest 

thermal  resistijnoe  ^  a  oonparably  low  water  vapor  resistance,  did  not 
result  In  the  (|Dlden  thermoregulatcry  responses  In  the  Hxnan  tests. 
This  was  fcun4  ^  X3-syst«n  with  the  open  fishnet  underwear,  where 
we  obMTved  th^  l^i^  akin  tanpsratures,  the  lowest  skin  wettednass 
and  a  lew  tota]^  sweat  production  that  also  resulted  In  a  smaller  oncxint 
of  evaporated  4***^^^  ocnparably  odder  response  could  not  have 
been  e)cpected  bastd  on  the  textile  and  manikin  data,  td)ere  the  X3- 
system  ranked  ^aocn  with  regard  to  thickness  and  thermal  resistance, 
although  lowest^  In  inter  vapor  lesistanoe. 

The  dlffiaijenoei  i  betwMn  the  results  from  static  maasuraients  on 
sanpdM  of  tei^tllaii  and  of  garments  on  a  manikin,  respectively,  and 
responses  in  human  tests  nust  be  explained  frem  the  dynamic  condition 
within  the  n\ia|iodli|iBte  of  the  clothing  sfystems  during  the  exercise  in 
the  actual  te$t  eR^ironmant.  An  external  air  velocity  of  0.32  m’s'^ 
will  remove  pa^  of  j tha  Insulating  boundary  air  layer  adjacent  to  the 
clothing  system  liwer  the  resistance  to  both  diffusion  of  heat  and 
water  vapor  (ft|rtan|  and  Btidm,  1955).  The  external  air  may  also 
psnetrste  Into  the  clothing  producing  convection  within  the  entrapped 
air,  reach  the  unde:  wear  and  then,  eventually,  the  air  directly  at  the 
skin  surface.  !Ihe0i  t  convective  air  mownsnts  will  add  to  those  created 
within  the  micfoclli  ete  fay  bodily  movwnte,  resulting  in  the  bsUows 
or  punping  effect  vokac  et  al.,  1973).  An  open  structure  sudi  as  the 
fishnet  constn)K:tioit  will  allow  for  the  moving  air  to  eweep  directly 
over  the  skill,  wftereas  a  heavy  and  tlg^  construction  sudi  as  tha 
fleaoa  will  on^  allow  a  limited  degree  of  air  to  reach  tha  skin 
wrfooe.  Thefafore,  a  steepsr  gradient  from  skin  surface  to 
mlcrocllmBte  pMuIu  with  xagazd  to  toiperature  and  water  vapor 


fishnet  oonstn|ctiCB 
over  the  skill,  w 
fleaos  will  on^  al 
aurfeos.  rtt)S|sfori 
mlcrocllmBts  pMuI^ 
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pressure  In  K3  ocR{5red  with  the  other  ocsnetructlcns,  especially  K2. 
Skin  twperatuxie  and  sdcln  wettedness  reflects  this,  reaching  lower 
values  under  an  cpen  knit  structure.  Even  wlthcut  the  coctemal  air 
veloci^,  the  putting  of  air  within  the  clothing  ensonble  would 
probably  have  iieaultad  In  dlfferenoas  In  the  thezmoreguletory  responses 
at  the  akin  In  this  study.  In  a  clothing  ensemble  with  more  layers  than 
applied  hare,  the  i  xtemal  air  may  not  reach  the  skin  under  a  tight 
fitting  \mderw«|ar,  dqmdlng  on  closuree  and  the  air  peonaability  of 
the  outer  layeijs. 

Air  movenlenta  !  within  the  clothing  microclimate  can  explain  the 
differences  fcqnd  ir.  skin  tenperature,  but  not  the  differences  observed 
in  the  sweat  djata.  with  akin  tatrperature  as  one  determinant  of  sweat 
production,  thif  obsi  rved  high  sweat  production  with  K2  and  the  low  with 
K3  may  result  from  different  Skin  tenperatures.  However,  with  Kl,  K4 
and  X5,  mean  sl^  ti  nperabures  were  not  different,  but  sweat  production 
tended  to  stazjb  eailier  and  was  significantly  hi{|^  with  KS  than  K4. 
The  minor  diffijranoi  s  in  the  teacblle  characteristics  do  not  provide  an 
eaq;)lanation  for  thjs.  Of  the  total  sweat  produced,  74%  was  evaporated, 
26%  unevaporat%d  ant  the  ratio  ncnHs^aporatod/evasporated  was  36%  in 
both  K4  and  K5;  but  !the  total  sweat  production  was  significantly  larger 
with  KS  than  K^.  it.  was  interesting  to  note  in  all  clothing  systems 
that  it  took  spptCB  imately  3  minutes  fron  start  of  sweat  production 
until  »«eat  be^  to  mvapcxnitm  to  the  environnent. 

Regional  djlffeienoes  in  the  thermoregulatory  cesponase  were  quite 
large.  Generally  the  bade  sawed  warmer  than  the  front.  Differences 
between  chest  and  upper  back  in  regard  to  skin  temperature  and 
«iettadneBS  wet#  ensil  with  the  fleeoo  underwear  (K2);  however,  with  the 
other  knit  strgetun  e,  end  especially  with  the  open  fldmet  underwear 
(K3)  differences  bcame  mote.  iSiis  stpports  the  theory  proposed  above, 
that  air  blow^  i  owerds  the  front  of  the  sufcgect  increases  the 
oonvactlve  hfat  exchange  and  removes  huniditv^laden  air,  thus 
analiorating  tl)e  ooiidltions  for  difftaion  of  vapor  and  hast  anergy.  The 
back  is  the  lae  side  and  therefore  is  lees  influenoad  by  the  air 
vslocil^.  Thl8}WQuUI  also  be  expected  to  occur  at  the  lower  back; 
however,  here  unusually  low  tanparatuies  were  recorded.  Whether  this 
implies  an  ef f^ictivi  t  ventilation  of  the  clothing  imcrocUmeta  in  this 
area,  a  thld^  suboutanaoua  fat  layer  than  art:  the  other  measuring 
plaoee  on  the  l^runkl  or  sweat  running  dcMi  the  back  or  moving  dam  in 
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thft  clothJLng  afc  tM  back  to  atop  at  tha  lowar  bade  ao  a  more  affective 
evaporative  ooaUlng  ^  take  place  at  tha  skin,  is  unkivMn,  atx3  should 
be  further  stujSiad.  lha  largest  effect  of  convective  ocxiling  and  tha 
griping  effect  Was  craerved  on  the  legs,  where  oassaticn  of  exercise 
caused  an  lmTe|9iati|  increase  in  both  akin  tcnperature  and  wettednass 
before  both  8lc(Mly  began  to  decrease  again.  Although  the  BDU-trousers 
were  closed  cjt  the  ankles,  there  was  a  large  variation  in  skin 
ten^rature  on  |the  c^f  dependent  on  knit  structure  of  the  underwear. 

It  was  deejided  |to  use  an  intermittent  exercise  test  rather  than 
one  continuous  exetjeise  period  followed  by  a  period  of  rest  as  applied 
by  Hol/ndr  (Holnj^r,  1985).  It  was  hypothesized  that  a  danpenlng  or 
wetting  of  the  cloijhlng  system  would  occur  over  the  course  of  ssa/isi 
and  that  this  njlght  changa  the  course  of  the  thermoregulatory  responses 
In  the  second  jperi^.  A  lower  mean  skin  tenperature  era  a  higher  skin 
wettednass  was  ectuiUy  observsd.  Ihs  hydrophobic  polypropylene  fiber 
material  in  ttjs  underwear  hindered  extensive  sweet  accunuletion  in  the 
underwear  (mex  jeverige  was  26g  in  K2).  Instead,  accunuletion  of  eweat 
took  place  i)n  tJe  outer  garment  layer,  especially  the  jacket. 
Therefore,  we  4ld  ikt  have  a  sweat  soaked  textile  in  contact  with  the 
akin  that  in^reaMd  the  conductive  heat  loss,  and,  the  lower  skin 
tenperature  reejorde^  In  tha  second  period  nust  be  explained  by  a 
lowering  of  the  total  insulation  of  the  clothing  system  caused  by  the 
danpenlng  or  wabtlnf  of  the  ansmhle.  it  has  earlier  been  shown  that 
wetting  of  dbqbhln(  lowers  its  insulartion  (Hall  and  Poltka  1956; 

1966) .  with  thi^  met)  od  used  in  the  present  study  It  was  not  possible  to 
decide  at  what)  timn  the  absorption  of  sweat  took  place.  However,  the 
first  mlrutsB  (|fter  cessation  of  exercise  whan  swaat  production  is 
still  high  but  vent  nation  is  oonslderebly  decreased,  was  probably  the 
period  of  the  i^bst  i  weat  absorption. 

For  work  4n  s  told  envirofmant  it  la  usually  recommanded  not  to 
dress  too  weirdy.  The  rationale  is,  that  with  a  warmer  dress,  more 
swaat  will  be  frodufiad,  more  sweat  than  be  absorbed  In  the  clothing 
resulting  in  #  grei  ttsr  dearesas  in  clothing  Insulation,  and  finally  a 
greater  coolini^  of  the  bo^  in  subaeguent  rest  periods.  Tha  data 
bbtalnad  in  ^  jirsssnt  study  does  not  support  this  idea.  After  20 
minutse  of  xes|  mas  i  skin  tanperature  was  still  highar  with  the  warm 
underwear  (X2|  oo pared  to  the  fishnet  underwear  (K3).  There  Is  no 
reason  to  baujive  t  mt  e  longsr  rest  pariod  would  changa  this.  However, 
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Tabl«  1.  1 
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Knit  structur* 

1-by-l  rib  Eleece  Fishnet  interlodc  2-layer  BDU 
Kl  K2  K3  X4  X5 

f 

IBCnifl  SAMPUSi 

Fabric  thldcneflB  (rnr 
*  BDU  on  top  ' 

ThBimal  rMiatflkoa* 
*4th  BDU  on  tte 

MBtar  vapor  taeurt^ar 
with  BOJ  on  tftp 

)  .64  1.65  1.04  1.04  .81  .56 

1.33  2.06  1.40  1.43  1.30 

1 

.156  .193  .139  .148  .147  .121 

.165  .206  .166  .160  .164 

oe**'  15.0  19.5  17.1  15.4  16.0  12.5 

21.7  23.6  20.2  23.8  23.4 

1 

\ 

IHEBMAL  MKNSOlj 

Total  thannal  tkalat 
(m2‘K‘Vrl)  ' 

Uidarwaar  anMnjbla  c 

dothlng  8ysta4 

_ 1 _ 1 

(Rtot) 

nly  .136  .164  .140  .144  .144 

.243  .266  .256  .246  .250 

- 1 

1 

*  Zncludaa  tl| 
Includaa  wd 
A4nk  xncludaa  tt 

S 

jS 

.  raelstancB  of  air:  .106  ir?'K'Vr^ 
apor  raeistanoe  of  air:  6.8  nr’Pa'VT^ 
raalstanae  of  air  (K^):  .104  nr'K’Vr^ 
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Figure  2. 

Figure  3. 

Figure  4. 


20 


Ph^lcal  characteristics  of  the  textiles  aisled  and  of  the 
gaipenti  i  measured  on  a  thermal  manUcln. 

fia^shagiial,  mean  akin  tartisrature  and  local  skin  tar^peratuxes 
Ajmng  the  course  of  the  Intarmittant  exercise  (n-S). 
syrj^xala  xi  X2«  X3  >,  X4  o,  K5  *. 


Average 

InsBofnl' 

xsji*. 


evaporative  vtal;^  loss  during  the  course  of  the 
ttant  OKsrclse  (n-B).  Symbola:  XI  *,  X2I^  X3  >,  K4  o. 


r 

production,  evaporated  and  non-evaporated  sweat 

Skin  weitedness  at  average,  and  locally  on  vqpper  back,  chest 
sn^  thlSh  during  the  ccurss  of  the  intexinlttent  exercise 
fymbols;  xi  «,  K2it  k3  >,  X4  o,  X5  *. 


WETTEDNESS,  UPPER  BACK  (n  =  8) 


AVERAGE  WETTEONESS 


